A growth in recreational drug use will lead to a rise in delayed posthypoxic leukoencephalopathy cases. Physicians may inadvertently misdiagnose this rare condition as a primary psychiatric disorder by not maintaining a broad differential diagnosis.
| INTRODUCTION
Delayed posthypoxic leukoencephalopathy (DPHL) is a rare sequela of hypoxic brain injury that has been described in literature since the 1970s. 1 It occurs following several different causes of cerebral hypo-oxygenation including predominantly carbon monoxide (CO) poisoning, but also chemotherapy agents, recreational drug overdose, and myocardial infarction. 2, 3 DPHL is characterized by its clinical presentation and radiological findings, including a lucid interval for a few weeks following an inciting hypoxic event with a resultant acute encephalopathic presentation. 1, 4 Brain imaging is characteristic for central white matter demyelination without necrosis or chronic inflammatory changes, which is best seen on Magnetic resonance imaging (MRI) with T2/FLAIR with high-intensity signaling. The cerebral cortex, putamen, thalamus, hippocampus, brainstem, and cerebellum are usually spared. 3, [5] [6] [7] It is important to exclude other possible diagnoses that may mimic DPHL. Acute toxic leukoencephalopathy also symmetrically affects periventricular white matter but does not exhibit a period of recovery. 3, 8 Another similar condition, delayed spongiform leukoencephalopathy (DSL), is caused by heroin inhalation ("chasing-the-dragon toxicity") and may be related to the exposure of toxins in the vapor. 1 That condition is characterized neuropathologically by spongiosis with massive astrocytosis without evidence of hypoxic lesions typically found in DPHL. 9 Additionally, DSL is primarily associated with involvement of infratentorial structures such as the brainstem and especially the cerebellar white matter. 3, 10 The pathophysiology and the relative rarity of this condition remain unclear. 3 There has been speculation based on two cases that found an association with decreased arylsulfatase A activity (27%-50% of normal) from peripheral leukocytes, also known as arylsulfatase A pseudodeficiency. 6, 7 It is thought that a relative deficiency would lead to accumulation of toxic byproducts from the hypoxic damage preventing remyelination. However, at least six subsequent case reports, five previously and the case reported here, did not find such association. 4 
| CASE DESCRIPTION
The patient is a 28-year-old female with history of drug abuse previously on suboxone 5 months prior and migraine headaches who overdosed on intravenous recreational drugs. She has a family history of bipolar disorder in a paternal aunt but had no psychiatric disorders herself.
While out of state, the patient was initially found unconscious for an unknown duration in the field by EMS with agonal breathing and acute hypoxic respiratory failure to an unknown degree requiring a nonrebreather mask. She had some positive response to naloxone via intranasal and intravenous administration with the patient less obtunded. Upon arrival at the Emergency Department, she became more alert but was confused and combative. Initial noncontrast head Computed Tomography (CT) was unremarkable for acute changes, as well as repeat imaging 24 hours later. Initial urine toxicology screening was positive for benzodiazepines but negative for opiates. Serum alcohol level was negative. A boyfriend reported intravenous heroin use immediately prior to this presentation, and the patient was noted to have track marks on her right upper extremity. The patient also used benzodiazepine immediately prior to the inciting event for anxiety, although no prescriptions were in the state's reporting system for controlled substances. On the second day of her hospitalization, the patient required elective intubation due to status epilepticus from suspected benzodiazepine withdrawal. She was uneventfully extubated the following day. She was alert and oriented ×3 with no focal neurologic deficits and left against medical advice on day 3 of the hospitalization.
Five days following the initial hospitalization in the same state as the initial inciting event, the patient was noted by her family to have retrograde amnesia and an inability to care for herself due to confusion. Upon admission to a different hospital, the patient was noted to be only oriented to self and unable to provide history regarding her recent hospitalization. Urine drug screen was negative. Liver enzymes were elevated on admission (ALT 384 μ/L, AST 227 μ/L) due to Hepatitis C. She had an electroencephalogram (EEG) which showed frequent epileptiform activity in the occipital region without electrographic seizures. The patient was started on topiramate 50 mg BID and levetiracetam 500 mg BID for seizure prophylaxis. Imaging with head CT without contrast showed low attenuation of the caudate heads and lentiform nucleus, suggestive of hypoxic injury with clinical encephalopathy (Figure 1 ). MRI of the brain was unremarkable during this admission ( Figure 2 ). Due to labile emotions, she was started on 0.25mg q8h lorazepam as needed. After 2 days of hospitalization, the patient was discharged, as she was alert and oriented ×3 without confusion and with a nonfocal neurologic examination.
Four weeks after the initial event, the patient presented to our hospital due to acute psychosis of 2 days' duration, including confusion, agitation, lack of sleep, flat affect, and hallucinations. Family reported that she was doing well at home following discharge from the second hospitalization, except for short-term memory loss. Upon admission, the patient was alert and oriented to self only with a nonfocal neurologic examination. Montreal Cognitive Assessment (MOCA) administered on admission showed significant cognitive impairment with a score of 16/30. Urine drug screen during this hospitalization was negative. Liver enzymes were mildly elevated. Head CT without contrast revealed bilateral symmetric areas of abnormal low attenuation in the basal ganglia involving the caudate heads and anterior aspect of the putamen due to anoxic brain injury (Figure 3 ). Brain MRI with contrast demonstrated a hyperintense T2 signal in the basal ganglia with mild white matter changes in bilateral frontal paraventricular areas (Figure 4 ). Infectious Disease was consulted, and the workup was negative, including HIV, CMV, HSV, Lyme disease, syphilis, and acute EBV. No cerebral spinal fluid analysis was done due to patient's clinical condition and parent's wishes to monitor clinically with low to no index of suspicion for infectious etiology, as no fevers, leukocytosis, or meningeal signs were present. Arylsulfatase A level in leukocytes was within normal limits. The patient had multiple EEG's which failed to show any significant seizure activity, including during the patient's delusional episodes.
Psychiatry was consulted, who declared there was no underlying primary psychiatric condition. Her home topiramate 50 mg BID and levetiracetam 500 mg BID were discontinued due to concern of worsening her clinical features. She was started on olanzapine 5 mg q6h, trazodone 100 mg nightly, and scheduled lorazepam 2 mg q6h. However, she had minimal response to this regimen with frequent agitation and delusional outbreaks. She was transitioned to quetiapine (50 mg, 50 mg, and 100 mg) TID with 50 mg PRN and lorazepam 2 mg q6h PRN with good response, which were continued as outpatient. Carbamazepine 200 mg BID was started during the admission for seizures and continued at discharge. Propranolol 10 mg TID was initiated and continued upon discharge for tachycardia due to agitation. The patient was alert and oriented to person, place, and time without hallucinations or paranoia upon discharge home. She was calm, relaxed and more interactive. She had improved sleep, with seven hours per night.
| DISCUSSION
The patient's clinical course is consistent with DPHL, 2,3,5 as she had an inciting event with acute encephalopathy and a lucid period for approximately 3 weeks when she was doing well at home. She subsequently had return of acute encephalopathy with psychosis 4 weeks after the initial event. There is some limitation though, as most patients return to baseline prior to the acute encephalopathy, with some patients returning to their work environments. 3, 5 This patient had not returned to baseline but did significantly improve after the inciting event, with short-term memory loss as the major symptom. By the end of the third admission, the patient had significantly improved in her behavioral symptoms. The majority of patients F I G U R E 3 CT head one month postanoxic brain injury with low attenuation in bilateral basal ganglia F I G U R E 4 MRI brain 1 mo postanoxic brain injury with symmetric abnormal hyperintense T2 signal abnormality involving the bilateral caudate nuclei, anterior lentiform nuclei, and globus pallidus, compatible with hypoxic injury have reversibility of the disease manifestations in one year following the acute event with some residual cognitive dysfunction. [1] [2] [3] 5, 11 Twelve months after discharge, follow-up with the mother and father was completed to determine the progression of disease. The patient had mostly recovered with respect to her presentation compared to baseline health. At that time, she had a part-time job, was obtaining her driver's license and was able to independently perform her activities of daily living. She did have minimal persistent short-term memory loss with an infrequent labile mood. The patient's overall course of disease is consistent with DPHL.
The patient had corresponding characteristic imaging with CT and MRI of the brain revealing basal ganglia demyelination, which is only seen in 46% of DPHL patients. 3, 5, 6, 11 Even though her initial imaging was relatively unremarkable, we confirmed with our radiology department that imaging can be delayed with respect to symptoms. The final extent of the disease process to the brain can be seen at approximately three months after the inciting event, which we unfortunately do not have in our records.
This patient had a normal arylsulfatase A level, which does not exclude DPHL as several case studies have failed to find an association. It is suggested that the arylsulfatase A level may be pseudodeficient for predisposition of DPHL. There are no data available for the prevalence of pseudodeficiency, and many patients have reported normal levels. 1, 2, 6, 11 There needs to be more research to determine if there is a causal relationship of arylsulfatase A for predisposition of DPHL, as well as other potential markers of predisposition.
It is known that opioids are the largest inciting recreational drug. 3 This patient has a remarkable case as her urine drug screen was only positive for benzodiazepines, which have rarely been reported as a causative agent for DPHL. 3 This patient's disease process will facilitate physician awareness of DPHL due to recreational drug overdose solely from benzodiazepines. It is possible that other recreational drugs were present in the patient's system but not recognizable on completed drug testing, and thus, we could possibly have an incomplete picture of the inciting cause.
This case report is unique as the available literature does not discuss specific medication options or guidelines. 1, 3, 5, 11 Currently, there exists only symptomatic treatment. This patient required a trial and error approach of medications, along with the knowledge of a family history of bipolar disorder with good response to quetiapine as a preliminary guide. Our determination of antipsychotic (quetiapine), benzodiazepine (lorazepam), anticonvulsant (carbamazepine), and beta-blocker (propranolol) as a combination treatment as an effective regimen for the patient can help other physicians achieve management with symptomatic treatment for DPHL. It is possible that the medications were not the only factor in the improvement in her acute psychosis symptoms, as she was admitted for 17 days and the symptoms may have also improved over time through a natural course.
| CONCLUSION
Delayed posthypoxic leukoencephalopathy is a rare but important sequela of hypoxic brain injury, which has been in the literature for several decades but rarely discussed. It is important to continue to discuss and bring awareness of DPHL in the primary care forum as it can be easily misdiagnosed as a primary psychiatric condition. When DPHL is due to recreational drug use, it is most commonly due to opioids but may be due to other drugs including benzodiazepines. Other conditions, including primary psychiatric and infections conditions, need to be excluded. Predisposition for DPHL may be due to pseudodeficiency of arylsulfatase A levels, but this was not seen in our patient. Effective treatment for DPHL for our patient required a multidisciplinary approach with both medication and strong social support. We found that using a multimodal treatment regimen of both antipsychotic and mood stabilizers was effective in managing our patient's symptoms. Limitations inherent to studying and managing a rare condition is unavoidable. More research is needed to understand the pathophysiology and potential causes of DPHL in order to provide effective treatments to these patients.
